SUMMARY
The copy number and location of the insertion sequence IS200, a mobile DNA element, was established across a collection of Sahnonella berta. All strains contained one common site, assumed to be present in the evolutionary ancestor of this serovar. With one exception, all strains, including recent outbreak isolates from the UK and sporadic isolates of world-wide distribution, were representatives of a single genotypic clone which carried three common IS200 insertion sites. This clone has acquired diverse combinations of plasmids, reflecting its actual or recent distribution and host. A single isolate, belonging to a second, minor genotypic clone was characterised by two IS200 insertion sites.
INTRODUCTION

Sahnonella berta is serologically related to S. enteritidis and S. dublin. The original isolation
Correspomlem'e to: J. Stanley, NCTC Molecular Genetics Unit, Central Public Health Laboratory, London, UK.
was made in Montevideo, Uruguay in 1936. Although S. berta infection has been reported to be localized in the United States [1], recent epidemiological investigations have indicated that in the last ten years, this serovar has become disscminated in Europe, causing human infections in a number of countries.
Phenotypic typing methods such as phage typing, which discriminate at the intra°serovar level, have in general been developed only for a few serovars of clinical or epidemiologicai importance, such as S. typhi, S. enteritidis, and S. typhimurium [2] . However, S. berta is one among about twenty serovars, currently non-phage-typeable, for which plasmid profile analysis was developed to sub-type periodic upsurges of human infection. In support of epidemiologicai investigations, this method showed that an important source of recent human infections with S. berta in England and Wales was poultry meat imported from Denmark [3] , where the serovar has become endemic in the broiler chicken industry since ! 984 [4] .
Most evidence [5, 6] suggests that iS200, the smallest known insertion sequence, is specific to Sabnonella, although limited cross-homology with the Shigella insertion sequences 1S630 and IS640
~8
has been reported [7] . When applied to S. enter/-tidis, the molecular analysis of 1S200 insertion sites demonstrated that the phage type strains and pandemic isolates consist of three evolutionary lines [8, 9] .
In the present investigation, twenty-two strains of S. berta representative of over 31X1 isolations identified in the Division of Enteric Pathogens (Public Health Laboratory Service, England and Wales) from 1982 to 1990 were analyzed. The strains included selected representatives of plasmid-profile types, associated with recent outbreaks of food-poisoning [3] , and also comprised isolates from patients with and without a history of recent foreign travel, as well as isolations made directly from poultry, poultry meat and seafood.
We present a general preparative method for genomic DNA of group D1 Sahnonella serovars, the analysis of IS200 copy number and insertion sites in S. berta, and the characterisation of chromosomal genotypes of S. berta and their relationship to plasmid types for the purposes of epidemiology.
MATERIALS AND METHODS
Bacterial ~trabzs and plasmids
Bacterial strains are listed in Table 1 . Plasmid plZ45 [10] was the source of the 300-bp internal fragment of IS200.
3.Z DNA hybridization experiments
Genomic DNA was prepared according to a newly developed protocol (see RESULTS). Plasmid DNA was analyzed according to the method of Kado and Liu [11] .
10-~g quantities of genomic DNA were digested to completion in 70-p.I volumes, and electrophoresed in 0.7% horizontal agarose slab gels (typically at 40 V for 18 h), stained with ethidium bromide for photography, and vacuum-blotted (LKB Vacu-gene apparatus). Membrane filters were baked for 2 h at 80°C. The probe, a 300-bp EcoRI-Hindlil fragment of IS200, was amplified by PCR using forward and reverse DNA sequencing primers. The substrate was a 0.6-kbp Pt~ull fragment of plZ45, prepared by electroelution. Membrane filters were wetted with 5 × SSC, prehybridized for 4 h and hybridized for 16 h at 45°C. The prehybridization mix contained 5 × SSC (0.75 M NaCI, 0.075 M sodium citrate), 50% formamide, 0.5% sodium dodecyl sulphate, and 25 mM phosphate buffer pH 6.5, and the hybridization mix additionally contained 5% dextran sulphate. Hybridized filters washed stringently in 0.16 × SSC, 0.1% SDS, were processed by standard methods (Boehringer-Mannheim kit) for colour development in the case of biotinyfated-probe experiments, or exposed for up to 48 h to Hyperpaper (Amersham) in the case of [35S]-labelled probe experiments.
RESULTS
Genomic DNA of S. berta and other group D1
serorars: associated mwlease, and a preparatit'e method S. berta strains were found to contain significant endogenous DNAse activity which persisted despite conventional phenol and chloroform extractions of viscous DNA preparations. Similar DNAse activity was found for other group DI serovars such as S. enteritidis and S. dublin. Conventional (ethanol) precipitation of genomic DNA was also observed to diminish yields. In order to obtain genomic DNA which could reproducibly be digested to completion with restriction enzymes, as a first step, total DNA was extracted without precipitation, and as a second step, endogenous nuclease activity was removed, as follows: (a) cells from 100 ml of overnight broth culture were washed in 50 ml TE buffer, pH 8, and resuspended in 5 ml TE. Upon addition of pronase (2.5 ml of 5 mg/ml autodigested enzyme) and 2.5 ml of 10% sodium dodecyl sulphate, cell lysis was completed within 1 h at 37°C.
The viscous solution was extracted twice with phenol-chloroform, and twice with chloroform, leaving about 5 ml of clarified crude extract; (b) to a l-ml aliquot of crude extract, 51) /,tl of 2.5 mg/mi RNAse was added. The solution was incubated at 37°C for 30 min, after which 10 p.i of 5 M NaC! and 10/zl of 20 mg/ml proteinase K was added, and the solution incubated at 50°C for I h. Following extraction first with phenol-chloroform, and then with chloroform, 5 /xl of diethylpyrocarbonate was added and the mixed solution incubated for 1 h at ambient temperature. It was re-extracted with chloroform and dialyzed overnight against TE buffer at 4°C, providing a yield of approximately 1.25 mg/ml genomic DNA free of endogenous nuclease. 
Analysis of #tsertion sites of IS200
Genomic DNA prepared from the strains of S. berta listed in Table I was digested with Pst !, Bglll or Hincli, enzymes which lack sites within the IS200 sequence. Genomic Southern blots werc hybridized with an IS200 probe generated by PCR as described in MATERIAl_ c, AND METit-ODS, specifically to exclude sequences containing the origin of replication or the ampicillin resistance gene of the vector plasmid, pUCI8. This was found to be necessary in order to avoid false-positive homologies to fragments of indigenous or R-plasmids in S. berta.
By comparing data from three or more blots (see Fig. I strain S120011) to approximately 22 kbp (common to all other strains). All S. bena strains contained a common site of IS200 insertion, assigned to a Pstl fragment of 3.9 kbp (Fig. l) . Strain S120011 was unique in the collection in that it lacked two insertion sites located on Pstl fragments of 4.5 kbp and about 22 kbp (cf. Fig. 1 ) common to all others. Thus all S. berta carry one common site of IS200 insertion, and the great majority of strains carry three such sites. These three sites were identified in the type strain, NCTC 5770 (ist~lated in 1936), and strains isolated in the last five years from patients with a history of recent travel to countries as far apart geographically as Egypt, Thailand and Dominica, and also in strains isolated from Danish poultry; a total of 21/22 strains was analysed. In order to compare restriction fragment length polymorphism around IS200 insertion sites in the two distinct genotypes, genomic DNA of NCTC 5770 and S120011 was digested with Bglll and Hincll (two other enzymes which do not cut within the IS200 sequence). The results of hybridisation with the IS200 probe are represented diagrammatically in Fig. 2 , which indicates that a P~t ! fragment of 3.9 kbp was the only homologous fragment conserved between the genomes of the two strains.
Assignment of ecolutionaiy lines
The copy number of the element was estimated from digests with the three enzymes. It varied between strains, from two to three copies, but all strains shared a Pst I fragment of 3.9 kbp. The genome of S120011 (copy number n=2) represented the simplest state of the element in the serovar. In S120011 the probe identified homologous Bglll fragments of 12.5 and 6.7 kbp and homologous Hincll fragments of 3.2 and 1.8 kbp. The copy number and prof:.le exemplified by NCTC 5770 (n=3: Pstl, 3. ° , 4.5 and 22 kbp; BgllI, 1.7, 3.1 and 11.5 kbp; HinclI, 3.5, 3.5 and 4.2) was shared by 21/22 strains. These results are diagrammatically represented in Fig. 2 . We considered that the two IS200 profiles represented evolutionary lines of S. berta, which we termed Sbl (the most abundant type, exemplified by the type strain) and Sbll (the rare S120011 type), as shown in Table 1 .
Plasmid analysis and its relationship to the ecohttionaty lines
As shown in Table 1 , two evolutionary lines and nine plasmid profiles (scoring the absence of any plasmid as plasmid profile zero in accordance with the scheme of Threlfall et al. [3] ) were found within this S. berta collection. In order to verify whether IS200 was present on any plasmids, analytical gels resolving plasmids from 1.0 to 120 MDa, as described in Table 1 , were blotted for hybridization experiments. No hybridization with IS200 was detected with any of these extrachromosomal DNAs indicating that the insertion sequence profiles were an indicator exclusively of chromosomal genotype.
Identical IS200 fingerprints (Sbl) occurred both in plasmid-free (e.g. NCTC 5770) and plasmid-containing strains (e.g., SI20606 or S121493). The plasmid-free strains were composed only of sporadic non-outbreak isolates, or were from patients who had recently returned from geographically-diverse locations (Egypt, 1988; Thailand, 1988; Far East, 1988; West Indies, 1990 ; see Table l ). Within the abundant chromosomal genotype Sbl, strains which carried plasmids were composed largely of direct isolates from Danish poultry, or human salmonellosis isolates from the UK. With respect to plasmid-carrying strains as a whole, three small plasmids (1. 6, 2.4 and 3.8 MDa) were found in association with chromosomal genotype Sbl, and one (2.0 MDa) was found only in association with the rare chromosomal genotype Sbll. lsolates of common chromosomal genotype from European Mediterranean countries ($89384, 89798 and S114901) or the Americas (SII2213 and Si24979) contained plasmid profiles lacking the !.6-or 3.8-MDa plasmids. All other strains which carried plasmids were either from poultry, or were UK sporadic and outbreak salmonellosis isolates from 1989/iqg0.
DISCUSSION
Although hybridization analysis has confirmed the presence of the IS200 element in a aumber of Salmonella serovars, copy numbers, but not actual hybridization profiles, have been pre~nted [5, 10] . A systematic hybridization analysis of this element was employed to index genetic diversity within the group D serovar S. enteritidis [8] , and further analysis has suggested that this insertion sequence may characterize chromosomal genetypes at intermediate-term evolutionary distance [9] . The present study extends IS200 fingerprinting to genotype analysis in a .second group D serovar. In both serovars, the element was discriminatory at the intra-serovar level. Whilst S. enteritidis fell into three clonal lines, each of which was of ecological and epidemiological significance [8] , S. berta falls into two lines, one of which is clearly predominant. This would be consistent with data from multilocus enzyme electrophoresis studies [12] which show that the existence of a predominant clone among natural isolates is characteristic of certain Salmonella serovars.
Plasmid-located copies of IS200 were not detected among the 18 plasmids.found in 16 strains, five of them antibiotic resistance plasmids. Thus IS200 profiles are exclusively chromosomal fingerprints in S. berta. Sawyer et al. [13] found varying proportions of different 1S elements in plasmids of the ECOR collection of E. coli [14] : approximately 10% of the six different insertion sequences found in the ECOR collection occurred in plasmids. Plasmids are considered to play a key role in the dissemination of insertion sequences [15] . The absence of IS200 from any S. berta plasmids is consistent with its relatively low copy numbers, and the occurrence of stable serovar-specific profiles of the element. There is a fundamental contrast between laterally trans-ferablc combinations of plasmids on the one hand, and vertically-inherited chromosomes on the other. When IS200 profiling is compared with plasmid profiling of S. berta [3] , it is evident that the insertion sequence profile indexes evolution of the chromosome, while plasmid profiling provides a "snapshot" which identifies the immediate epidemiological origin of infectious strains, and determines the common source of a local epidemic. No large "serovar-spccific" virulence plasmid was found in S. herta, and the plasmids detected were probably acquired during primary carriage, for example in a chicken host, thus acting as subsequent genetic markers in outbreak investigations.
It is probable that the rate of transposition of the 1S200 element is relatively low in S. berta, consistent with the rarity of observed transposition in laboratory strains of S. typhbnurium LT2 [16] . Despite the existence of the profile Sbil (n = 2), the copy number three (Sbl) appears empirically to correspond to an equilibrium state of the element in S. berta. Characteristic IS200 profiles can presumably be determined for many pathogenic ~;erovars, thereby providing information of relevance to the evolution of the great diversity of serovars in Sahnonella subspecies 1.
